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Previews
heads of kinesin-1 to walk along an MT in a “hand-over-Rafting along the Axon
hand” fashion (Vale and Milligan, 2000). Such a “walking”on Unc104 Motors mechanism could also be used by dimeric forms of
Unc104, like DdUnc104 from Dictyostelium. This motor
has a 600-residue coiled-coil extension in its tail and
forms stable dimers that drive the anterograde transport
of exocytotic vesicles in what may be an evolutionary
Neurotransmission depends upon the fast axonal
precursor of presynaptic vesicle transport. DdUnc104
transport of synaptic vesicle precursors by the mono-
may be unusual, however, as other members of the
meric kinesin Unc104, a motor whose mechanism of
Unc104 family lack this coiled-coil extension and behave
action is a topic of debate. New work suggests that the
as single-headed monomers in solution. For example,
formation of lipid raft domains triggers the assembly
murine KIF1A is a monomeric Unc104 homolog, and,
of vesicle-bound Unc104 dimers and the concomitant
in single-motor assays, this motor moved processively
activation of processive movement, facilitating effi-
along an MT for distances approaching 1 m before
cient long-range vesicle transport.
detaching (Okada and Hirokawa, 1999). However, KIF1A
moves by a biased one-dimensional diffusion that has
a saltatory character and is almost 10-fold slower thanNeurons communicate with one another at synapses
the movement of Unc104::GFP in axons of living wormsusing neurotransmitters, which are released from synap-
(Okada and Hirokawa, 1999; Zhou et al., 2001). More-tic vesicles by Ca2-regulated exocytosis. Precursors of
over, Unc104::GFP displayed no evidence of processi-the synaptic vesicles originate in the neuronal cell body,
vity in single motor assays performed in vitro (Pierce etwhere they are assembled into presynaptic vesicles and
al., 1999).subsequently transported along axonal microtubules
In the new study, Klopfenstein et al. (2002) exploited(MTs) to the axon terminus by Unc104 (Bloom, 2001), a
the ability of DdUnc104 to transport vesicles and lipo-monomeric kinesin motor that was discovered in Caeno-
somes efficiently in motility assays, and they comparedrhabditis elegans (Otsuka et al., 1991). Consequently, in
the transport properties of full-length dimeric DdUnc104loss-of-function Unc104 mutants, presynaptic vesicles
with single-headed monomeric Unc104 “minimotors”fail to move along axons but instead accumulate in the
lacking the coiled-coil extension present in the full-neuronal cell body (Hall and Hedgecock, 1991), resulting
length protein. Like Unc104 and KIF1A, the tails of thesein defective neurotransmission and causing the uncoor-
motors contain pleckstrin homology (PH) domains, anddinated locomotion characteristic of Unc mutants (Bren-
the authors found that these domains bind selectivelyner, 1974). In addition, Unc104::GFP fusion proteins that
to phosphatidylinositol(4,5)bisphosphate [PtdIns(4,5)P2]rescue the Unc104 mutant phenotype can be visualized
lipids, in addition to unidentified receptor protein(s),as fluorescent puncta, presumably vesicles, moving
within vesicular membranes. Once bound, the dimericalong axons (and sometimes dendrites) in living C. ele-
DdUnc104 and monomeric minimotor moved their cargogans (Zhou et al., 2001).
persistently along MTs (5–6 m/encounter) at 1.5–2The efficient long-range transport of presynaptic vesi-
m/s, comparable to the movements of Unc104::GFPcles by Unc104 is dependent upon each vesicle being
in worm axons.able to move a long distance along a microtubule track
In illuminating experiments, Klopfenstein et al. (2002)before dissociating and diffusing randomly. Accord-
studied the effects of varying the PtdIns(4,5)P2 com-ingly, Unc104::GFP puncta move persistently at 1 m/s
position of liposomes on both liposome binding andover distances of about 5 m along axons in vivo before
transport by dimeric DdUnc104 and by monomeric min-pausing. How might Unc104 motors drive such persis-
imotors. Liposome binding and transport by dimerictent vesicle transport? One hypothesis is that individual
DdUnc104 both increased in a roughly hyperbolic fash-Unc104 monomers themselves display high processi-
ion as the PtdIns(4,5)P2 composition was increasedvity, where the term processivity refers to the distance,
between 1–10 mol%. Liposome binding by the mini-on average, that an individual vesicle motor can move
motor showed a similar hyperbolic relationship to thealong an MT before detaching (Okada and Hirokawa,
PtdIns(4,5)P2 content of liposomes. Interestingly, how-1999). An alternative hypothesis posits that monomeric
ever, liposome transport by the minimotor displayedUnc104 motors themselves display low processivity but
a highly cooperative relationship to the PtdIns(4,5)P2that they can be induced to form processive dimers on
content such that no liposome transport was observedthe surface of their vesicular cargo by the formation of
below about 6 mol% PtdIns(4,5)P2, but robust transportlipid rafts and that this, in turn, activates persistent vesi-
was observed above this threshold level. This led to thecle transport (Klopfenstein et al., 2002).
hypothesis that the clustering of PtIns(4,5)P2 togetherWhy is dimerization significant? The prototypic high
with bound Unc104 motors into lipid subdomains calledprocessivity MT-based motor is conventional kinesin-1,
“rafts” serves to activate processive movement bya dimeric motor that can take multiple 8 nm steps and
Unc104.move along an MT for more than 1 m before detaching.
Cholesterol and sphingomyelin promote the formationIt is widely accepted, albeit not universally, that this
processive motion results from the ability of the two of rafts enriched in PtdIns(4,5)P2, and proteins and lipids
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that partition into such rafts display an increased resis- certain circumstances in cells. The observation that the
organization of membrane lipids into rafts activates vesi-tance to detergent solubility and a decreased two-
dimensional diffusion compared to nonraft components. cle transport is a fascinating and unexpected discovery
that focuses attention on how changes in the propertiesAccordingly, cholesterol/sphingomyelin conferred de-
tergent resistance on the bound minimotors and caused of a bound cargo can profoundly influence cargo trans-
port, although the significance of raft-induced vesiclea 10-fold decrease in their diffusion coefficient. These
lipids had no effect on liposome binding but enhanced transport isn’t fully understood at this stage; for exam-
ple, it is not known whether the Unc104-bound rafts aretransport by the minimotors. The results suggest that
vesicle-bound Unc104 motors partition into PtIns(4,5)P2 stable structures or whether they form and dissipate
transiently as part of a regulatory mechanism thatrafts and that this decreases the lateral mobility of the
motors and facilitates vesicle transport. switches on and off vesicle transport. Finally, one won-
ders how these findings on Unc104 relate to other mo-How does the association of Unc104 with membrane
rafts activate transport? Clustering of Unc104 motors tors, such as monomeric chromokinesins, that could
within the rafts could increase their local concentration form active dimers on the surface of their chromosomal
and drive their oligomerization, possibly producing pro- cargo and to other forms of intracellular transport, such
cessive dimers. Although native Unc104, KIF1A, and the as vesicle trafficking during animal cell division, which
monomeric minimotors lack the coiled-coil extension is currently a topic of growing interest (Finger and White,
found in dimeric DdUnc104, they do contain a short 2002).
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of activities from sleep/wake cycles in animals to leafThe Role of CCA1 and LHY
movements and flowering time in plants. Studies havein the Plant Circadian Clock revealed that the core of the circadian systems is an
oscillator based on a transcriptional-translational nega-
tive feedback loop. While the basic architecture of oscil-
lator systems seems to be conserved, the molecules
Our understanding of plant circadian rhythms has comprising the oscillator vary. Although plant circadian
been advanced by two papers investigating the roles rhythms were the first to be described, it is only recently
of the transcription factors CCA1 and LHY in the circa- that we have obtained experimental insight into what
dian oscillator. comprises the components of the plant oscillator (re-
viewed by Barak et al., 2000).
Circadian (from the Latin, circa dies) clocks are complex Three genes have recently been proposed to encode
timekeeping systems that generate endogenous rhythms molecular components of the circadian oscillator in the
with periods of about a day. They are found in a wide model plant Arabidopsis thaliana. Two of these genes,
range of organisms including mammals, insects, fungi, CCA1 (CIRCADIAN CLOCK ASSOCIATED 1; Wang and
Tobin, 1998) and LHY (LATE ELONGATED HYPOCOTYL;cyanobacteria, and plants, and they control a variety
